Summary Ultrastructural examination of the follicular envelope of the teleost, Oryzias latipes, during ovulation in vitro showed that the follicle cell layer became increasingly dissociated. Microfilaments, measuring 50-70 \ l =A%o\ were sparse in the thecal cells at the start of incubation, but were organized into bands after 5 hr, and into bundles after 10 hr of incubation. It is suggested that these microfilaments are contractile and are involved in cell movement during ovulation.
Introduction
Ovulation in non-mammalian vertebrates has been consistently described as a process whereby follicular layers immediately surrounding the apex of the oocyte are dissociated, forming a rupture which is smaller in diameter than the oocyte, and through which the oocyte is squeezed (Asdell, 1962) . In the fish, Oryzias latipes, the process of rupture and oocyte extrusion occurs in vitro in isolated, intact follicles under the influence of several gonadotrophins and steroids (Hirose, 1971 (Hirose, , 1972a ; Hirose & Donaldson, 1972) . Since ovulation occurs from isolated follicles, it cannot be dependent on non-follicular ovarian smooth muscle, but must be associated with a mechanism(s) present within the follicular envelope itself, which consists of a layer of follicular cells, a basal lamina and several layers of thecal cells.
Previous ultrastructural studies of teleost ovarian follicles have been directed primarily towards determining the role of the follicular cells and the oocyte in the formation of the complex chorion during oogénesis (Getting, 1966; Flügel, 1967) . Published illustrations of teleost thecal cells tend to be accidental inclusions in photographs of follicular cells (Yamamoto, 1963; Götting, 1965 Götting, , 1966 Götting, , 1967 Flügel, 1967; Busson-Mabillot, 1971; Hirose, 1972b) . Apart from the endocrinological study of Nicholls & Maple (1972) , thecal cells have been rarely studied. In the present paper the ultrastructural changes in thecal cells during ovulation in vitro are described.
Materials and Methods
Fish purchased from Carolina Biological Supply Co. were kept in dechlorinated tap water at 22 ± 1°C on a long-day cycle of 18 hr light:6 hr dark. They were fed twice daily, once with a commercial tropical fish food (Sargent, Harrison, New Jersey) and once with frozen brine shrimp {Artemia; Delta, Harrison, New Jersey). Ovulating females were placed into individual tanks with a few males.
Ovaries from fish killed 9 hr before first light of the daily cycle were placed into (Reynolds, 1963) , and examined with an Hitachi HS-8 electron microscope at 50 kV. An ocular micrometer calibrated against a stage micro¬ meter was used to measure diameters of microfilaments on negatives exposed at a magnification of x21,000.
Results

Light microscopy
The increased occurrence of ovulation in vitro after addition of hydrocortisone to the medium (Hirose, 1972a) has been confirmed by our observations. The surface of the unovulated follicle is smooth and slightly opaque. Oil droplets and the long chorionic extensions (attaching filaments), which serve to attach the egg to underwater vegetation after spawning, can be seen beneath the outer layer of the follicle. On one side of the oocyte, there is an opaque area (PI. 1, Fig. 1 ) apparently caused by contraction of the follicular envelope and underlying attaching filaments into a slight bulge, which can be identified in profile (PI. 1, Fig. 2 
Electron microscopy
No differences were seen in the ultrastructure of follicles incubated in the presence or absence of hydrocortisone, and the following observations refer to follicles in both media. During the period of incubation, the follicular cells became more and more detached from the basal lamina and each other all around the oocyte. Before incubation only a few microfilaments were detected, usually in the inner thecal cells where desmosomes were also seen (PI. 1, Fig. 5 ). After incubation for 5 hr, groups of microfilaments, 50-70 Â wide, were present in longitudinal-and cross-sections of the thecal cells. The filaments were most numerous in the innermost layer of thecal cells, but some were visible in the outermost cells. There were also a few in the basal lamina, but these were only about 40 Â wide.
After incubation for 10 hr the thecal microfilaments in unovulated follicles were organized into longitudinal bundles (PI. 2, Fig. 6 ). Examination of follicles which remained unovulated after 15 hr revealed only a few, sparsely scattered microfilaments in the thecal layers. Myelin figures were often seen in the follicle cells at this time and were probably due to deterioration. Microfilaments were also observed lying in a plane parallel to the basement membrane within the thecal cells of the follicular envelope cap which remains intact after extrusion of the oocyte (PI. 2, Fig. 7 ).
Discussion
Our observations of increasing dissociation of the follicle cell layer during incubation are in close agreement with those of Yamamoto & Yamazaki (1967) on the goldfish, although Flügel (1964) reported that the follicular cells oí Salmo drew closer together preceding ovulation. The dissociation observed in Oryzias makes it unlikely that a contractile mechanism in the follicular cells could develop the force necessary to extrude the oocyte during ovulation in vitro. Contraction of isolated groups of follicle cells could result only in the shortening of individual cell groups. The mechanism for extrusion must therefore be located in the basal lamina and/or the thecal layer.
We did not detect changes in the basal lamina during ovulation in vitro although Flügel (1967) reported that in the perch {Percafiuviatilis) the basal lamina thickened from 0-4 to 2-0 µ during the ovulatory period. Because of the infrequent appearance and apparently random orientation of the 40 Â microfilaments in the lamina it seems unlikely that a contractile mechanism is located there.
In the thecal cells, however, 50-70 Â wide microfilaments, which are few and scattered at the start of incubation, can be seen in bands after incubation for 5 hr and in bundles after 10 hr. In those follicles which remain unovulated after 15 hr of incubation, relatively few filaments may be found, although filaments are present in the thecal cells of follicular envelopes which have just undergone ovulation. A contractile role has been postulated for microfilaments in other presumably nonmuscular cells (see Wessels et al., 1971) , and it seems reasonable to suggest that such filaments are responsible for cell movement in Oryzias thecal cells. This interpretation is supported by the fact that ovulation in vitro in Oryzias is reversibly inhibited by cytochalasin (P. Pendergrass, unpub¬ lished). The thecal cells are attenuated and processes of three different cells often occur one above the other in radial sections. Filaments have been observed in cell processes which are not adjacent to the basal lamina of the follicle (PI. 1, Fig. 5 ), but the filament bands and bundles have always been found in juxtaposition with this lamina (PI. 2, Fig. 6 ). It is possible that the basal lamina serves as a point of insertion for the filament-bearing membrane of the thecal cell, as in smooth muscle (Gabella, 1973) .
Ovulation in non-mammalian vertebrates has been consistently described as a process of squeezing the oocyte through a rupture in the surrounding tissue. In the hellbender, Cryptobranchus (Smith, 1916) , the frog, Rana (Rugh, 1935) , and the fish, Oryzias (Robinson & Rugh, 1943) , the oocyte is constricted at the point of exit so that it is temporarily shaped like a dumb-bell. In the pigeon (Bartelmez, 1912 ) and the domestic fowl (Phillips & Warren, 1937 ) the oocyte is squeezed through a rupture about one-half its diameter.
One of the major theories attempting to account for vertebrate ovulation in general is that contraction of ovarian smooth muscle results in rupture and ovulation, yet in animals such as the frog, Rana (Rugh, 1935) , and the fish, Oryzias (Robinson & Rugh, 1943) , spontaneous ovarian contraction does not result in ovulation, and furthermore ovulation can occur after follicles have been removed from ovaries.
Attempts to induce ovulation by stimulating smooth muscle contraction or by applying direct physical pressure to follicles have been unsuccessful in the frog (Rugh, 1935) and hen (Phillips & Warren, 1937) . Kraus (1947) could not stimulate ovulation in frogs, hens and rabbits by smooth muscle stimulants or electrical shock.
There is some doubt whether smooth muscle is actually present in the ovarian follicles of nonmammalian vertebrates. Direct observation of electronmicrographs of follicles does not reveal any smooth muscle fibres. Anderson & Yatvin (1970) pointed out that the absence of smooth muscle in a variety of amphibians raised the question of the source of the squeezing phenomenon accompany¬ ing ovulation.
There is an increasing amount of literature demonstrating the presence of smooth muscle or smooth muscle-like fibres in mammalian follicles (Burden, 1971 (Burden, ,1973 Fumagalli, Motta & Calvieri, 1971 ; McReynolds, Siraki, Branson & Polloch, 1973) , but there is controversy whether such fibres are present in sufficient numbers and in the correct location to effect ovulation. While the thecal cells and microfilaments of Oryzias appear similar to the smooth muscle-like cells and fibres reported in the theca of the mammalian follicle (Osvaldo-Decima, 1970; O'Shea, 1971; Fumagalli et al., 1971; Burden, 1972 Burden, , 1973 Bjersing & Cajander, 1974) , structures characteristic of smooth muscle, i.e. 'caveolae', dense patches in the filament mass, and attachment plaques (Gabella, 1973) 
